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---------------------------------------------------------------------Abstract
Lead sulfide (PbS) nanoparticles are currently being investigated as potential
candidates for increasing the efficiency of polymeric solar cells. The current, most
popular synthesis of PbS nanoparticles ultimately gives a product capped by oleic
acid, however the oleic acid is not an ideal ligand for use in solar cell applications
due to its length and insulating nature. Therefore, we employ the use of biphasic
ligand exchange reactions on the PbS nanoparticles to afford surface-modified
nanoparticles. The first biphasic reaction produces the water-soluble 3mercaptopropane sulfonate (MPS) nanoparticles, and the second biphasic reaction gives
a variety of shorter, thiol-capped nanoparticles that are solution processable.
Because of the solution stability of the ligand-exchanged particles, they can be
characterized through IR, NMR and UV-vis techniques. Both linear and aromatic thiols
have been investigated as potentially appropriate ligands for solar devices.
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Method (ctd.)

Background
Lead sulfide (PbS) nanoparticles (NPs) are currently of interest due
to their potential application in constructing efficient solar cells. PbS
NPs have been stabilized using oleic acid (OLA), however OLA is
not the ideal ligand for use in solar cells, as it is lengthy (i.e. bulky)
and insulating. A potentially more ideal ligand choice would be a
short thiol to increase the likelihood of charge carrier transfer from
NP to polymer in the cell.

Conclusion

IR and NMR spectroscopy can be utilized to confirm that a ligand is
bound to the NPs, while UV-vis can glean information about the size
distribution of the NPs. UV-vis also allows the presence of an exciton, or
an electron-hole pair3 to be visualized; it is these excitons that produce a
current in solar cells.
IR data was obtained using a ThermoNicolet IR100. UV-Vis spectra were
obtained using a Shimadzu UV-2501PC spectrophotometer.

Thiol ligands are a viable option for lead sulfide
nanoparticle application in solar cells. However, there are
still adjustments that need to be made in the biphasic
ligand exchange reactions. Most notably, the reaction
conditions must be optimized to minimize size
redistribution of the NPs. Factors that contribute to this
redistribution may include long reaction times, impure
(oxidized) thiol samples, excess MPS ligand remaining,
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Here in figure 2, the exciton peak
corresponding to the PbS-OLA
nanoparticles can be clearly seen at 720
nm. The PbS-MPS particles exhibit an
exciton peak as well, though slightly
broadened and shifted.
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The removal of the OLA and attachment of the thiol ligand can be
accomplished using a biphasic ligand exchange reaction. However,
in order for a ligand to prove of use, it must be able to stay bound to
the NPs while still allowing the particles to be solution processable,
making incorporation of the NPs into a polymer-based solar cell
much easier to accomplish. In this research, we outline the
synthesis and characterization of variably–capped PbS NPs.

Method
Biphasic reactions were run on PbS NPs to afford ligand-exchanged
particles. The first reaction replaced oleic acid (OLA) with water
soluble sodium 3-mercapto-1-propanesulfonate (MPS). Then a
biphasic was run to afford organic soluble thiol-capped NPs.
Hexanethiol and toluene thiol were two of the ligands chosen for the
second reaction.
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Figure 2: UV-vis of PbS-OLA and PbS-MPS particles

Parameter
Lead sulfide nanoparticles
MPS
Thiol ligand (hexane thiol or
toluene thiol)

First stage of biphasic
reactions. PbSOLA/toluene in top
layer, free MPS & H2O

in the bottom layer.

Concentration range
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Figure 1a: Toluenethiol
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This figure indicates
the longer the NPs
react in solution, the
broader and more
shifted the exciton
peak becomes,
hence our desire to
optimize reaction
conditions to shorten
reaction times.
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Figure 4 shows the IR spectra of
PbS-OLA, PbS-MPS and PbS-HT
particles. It is important to note the
absence of the sulfonyl stretch at
1051 cm-1 in the PbS-HT particles.
This confirms that the MPS ligand
has been removed in the 2nd biphasic
reaction. IR also confirms this for TTexchanged NPs, though it is not
shown.

Figure 7: Comparison of time controlled MPS reactions
via UV-Vis
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Second stage of
biphasic reactions.
PbS-MPS/H2O in
bottom layer, OLA
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Figure 3: UV-vis of PbS-OLA and PbS-HT particles

Figure 4: IR of hexane thiol biphasic ligand reaction

Figure 1b: Hexanethiol

Future directions to go with this project would include
• Obtain clean NMR spectra to reaffirm binding of the
ligand to the nanoparticle
• Degas the samples with N2 to remove as much O2 as
possible and reduce the possibility of disulfide
formation (oxidation of ligands)
• Extend research to amine ligands
• Optimization of reaction conditions to reduce reaction
time

HT ripened 3
days
OLA
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Figure 3 shows that the PbS-HT exciton peak
is very broad. Such broadening indicates that
the particles have likely redistributed in size.
This is most likely due to the reaction taking
too long to complete, and the particles sat in
solution an undesirable amount of time, in this
case, three days.
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Variable concentration ranges were used for each ligand addition.
Each reaction took at least an hour to complete, regardless of the
combination of ligand or NP concentration used. NMR spectra for
each thiol are currently being obtained. Samples were intentionally
exposed to atmospheric conditions to observe if the reactions could
be completed in the presence of oxygen.

Future Work
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Figure 5 shows the broadening
effect on the PbS-TT particles,
much like the PbS-HT. This
can be attributed to size
distribution as well, and further
confirms reaction conditions
need to be adjusted.
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Figure 5: UV-vis of PbS-TT particles
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